
UDC 6S1.613.1:551.609.313(213) 

Effects of an Equatorial ‘‘Wallff 
on an Atmospheric Model 
K. MIYAKODA A N D  I.. UMSCHEID, JR.-Geophysical Fluid Dynamics Laboratory, NOAA, Princeton, N.J. 

I 
ABSTRACT-The effect of an artificial lateral boundary 
(the wall) at the Equator on a simulated atmospheric cir- 
culation was studied numerically. By comparing the solu- 
tions of two 30-day integrations of a global model with and 
without the wall, we found that the discrepancies of the 
wind and temperature at the middle and high latitudes 
became appreciable at approximately 8 days and serious 
at approximately 12 days. This suggests that the wall 
(hemispheric) model may be applied as a forecast model 
for a maximum of about 12 days. The disagreement in the 
wind between the two cases starts just below the tropo- 

pause level a t  the Equator and spreads toward the higher 
latitudes. Eventually, the middle latitudes respond to this 
equatorial effect, and the disagreement is amplified to the 
natural variability level. Insertion of the wall considerably 
increases the condensation of water vapor in the Tropics 
for the winter hemisphere; the reverse i s  true for the sum- 
mer hemisphere. The result is that, in the winter hemi- 
sphere, the tropical troposphere and the stratosphere are 
cooler and the higher latitude troposphere is warmer in the 
wall case than in the control case. The opposite is true 
for the summer hemisphere. 

I 

1. INTRODUCTION 

If the domain of a prediction model is truncated arti- 
ficially, errors start to grow from the boundary, spread, 
and distort the overall solutions. Then, what is the time 
range of the validity of the solutions for the limited 
domain model? This paper is concerned with discussing 
the limitation on the hemispheric mode&-how quickly 
and in what way does the wall (equatorial boundary in 
the hemispheric model) influence the solutions in the 
middle latitudes. 

Baumhefner (1971, 1972), using the six-layer model of 
the National Center for Atmospheric Research, investi- 
gated this problem and concluded that the wall a t  the 
Equator did not appreciably influence the forecast in the 
middle latitudes for nearly 2 weeks. Miyakoda et al. 
(1971) also tried to answer this question, but the results 
were inconclusive because of an inherent weakness in the 
model and the inadequate approach used ; nevertheless, 
some advantages of the global prediction were recognized. 
The present study is an extension of Baumhefner’s work. 
The study is worthwhile and perhaps necessary to 
answer some unsolved questions. 

The cumulative forecast results with the hemispheric 
model of the Geophysical Fluid Dynamics Laboratory 
(GFDL) revealed that the practical limit of predictability 
of flow fields is 10 days for January cases and a little 
longer for those in July (Miyakoda et al. 1972). Why is 
the time so short when compared with the ultimate limit 
of predictability of about 3 weeks? (For the GFDL 
model, see Smagorinsky 1969.) There are, of course, a 
number of possible factors to determine this time range. 
Here, however, we consider only the equatorial wall effect. 
We have evidence that the wall creates a serious distortion 
in the solution starting on the 12th day of prediction. 

The problem of the wall effect also relates directly or 
indirectly to other problems such as the lateral coupling ’ 

of disturbances between the Tropics and the middle and 
high latitudes, the tropical wind data requirement in 
four-dimensional analysis, and the telecommunication 
effect of the equatorial sea-surface temperature anomaly 
on the middle-latitude cyclones and anticyclones. 

Regarding the interaction between the Tropics and 
higher lat.itudes, theoretical studies have been made in 
connection with the search for the energy source for the 
Tropics. Although a fairly good picture now has been 
obtained, the past effort has been focused mostly on 
studying the conditions under which the wave energy 
from the middle latitudes can penetrate into the Tropics 
(e.g., Gharney 1969, Mak 1969, and Bennett and Young 
1971). The question of how quickly and to what extent 
the disturbance propagates outward from the Tropics 
to middle latitudes has not been discussed. There is, 
however, a study that touched upon the problem in 
numerical experiments, although it was not primarily 
addressed to this specific question. In the study of tropical 
wind data requirements, Gordon et al. (1972), found that 
the flow and the mass fields are poorly balanced at  the 
Equator and, as a result, the analysis error appears to  
be a maximum a t  the Equator just below the tropical 
tropopause and extends even to middle latitudes. 

2. ATMOSPHERIC MODEL AND EXPERIMENT 

The model is a nine-level general circulation model 
on the modified Kurihara grid. In  the model, the number 
of grid points are increased zonally (especially near the 
poles) in comparison with the original Kurihara grid. 
The horizontal resolution is N=24, meaning that 24 
equally spaced rows of gridpoints are distributed from 
the Equator to the pole with a spacing of 417 km or 
3.75’. It is exactly the same model used previously in 
the simulation experiments for determining wind data 
requirements in the Tropics (Gordon et al. 1972). 
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A long-range integration of the equations was carried 
out in the same way as normally done in the numerical 
simulation of the general circulation of the global atmos- 
phere. The position of the Sun is for January; thus 
the solutions correspond to those of a perpetual January 
(not the January in the marching season). The solutions, 
therefore, are somewhat unrealistic but perhaps accept- 
able for the present study. 

For comparison, we selected an arbitrary period from 
the total span of the general circulation simulation and 
repeated the integration for 1 mo with the wall model. 
The origb.ml run is now regarded as the control, and the 

points, the poleward fluxes in the second terms on the left 
side of eq (1) through (4) and the stresses and transfers 
in terms on the right side of these equations are set to 
zero. In eq (5), the pressure tendency equation, and eq 
(6), the omega equation, v is set to zero a t  the lateral 
boundaries facing the Equator. 

In the wall run, the initial conditions were taken from 
the control run, and the prediction calculation was started 
using Euler-backward time differencing for a quarter of a 
day (to control the gravity wave) and then was continued 
with centeied differencing. 

3. GROWTH AND PROPAGATION results % the modified r& are called wall solutions. 
The wall model is produced by placing a wall a t  the 
Equator in the global model. The wall is physically a D,SCREPANCIES 

- 
free-slip, and insulated boundary that- prohibits 

the exchange of momentum, heat, and moistur? not only 
between the hemispheres but also between one hemisphere 
and the equatorial wall itself. 

eq (1) through (6): 

Our main concern is the differences between the solutions 
for the wall run and the control run; which are called dis- 
crepancies 01 sometimes called errors h this paper. 

First, let us define the discrepancy; for example, the 
temperature discrepancy is given by Relevant to the above conditions are 

AT=Tm~$-Tcontr 
(1) aTM =----, aae + . . .  a(p,vUCOS e) 

acos eae . . . + at 
where T,,, and Tcontr are the temperatures in the wall 

aree 
aae (2) crepancy is sometimes vertically averaged; thus 

and control runs, respectively. The square of the dis- 
=--I + . . .  a ( p , ~ c o s  e> 

acos eae a(p3v)+ . . . + 
at 

-- - aHe? (3) 
aae + . . .  a(p,vTcos e) 

acos eae . . . +  a ( P m  
at 

J 
aEe +. . .=-j a(psp)+* at  * a +  acoseae d e  (4) where the integration with respect to z is performed from 

a(P,vqcos e> 

the ground surface to infinity. It is converted to the - 
pressure integral from the surface pressure p, to zero - 

(5) where ( )’ means the vertical average. a(psu) a(p,vcos e) 
acos eax+ acos eae 

and 

w = - p, .( g - E + v v) 
U c mi.j 

i 

where t is time, h is longitude, 0 is latitude, u is the vertical 
sigma coordinate, p ,  is surface pressure, u and v are 
respectively the zonal and meridional components of the 

of water vapor to  dry air, 7x6 and reo are the two elements 
of the Reynolds stress tensor, and Ha and Ee are respec- 
tively the heat and the moisture.transfer by subgrid scale 

wall model a t  e = O  are 

o~ 

c % , ( A n 2  - 
i,j  A AT)^" wind vector, T is the temperature, q is the mixing ratio 
c mt.5 
i, i 

turbulence. The equatorial boundary conditions in the where i and j are respectively indexes Of the grid for 
X and e directions, mt,j  is the horizontal area of the grid 
box (i, j ) ,  ( ) is the zonal average, and >“’ is the 
horizontal average, 

-A 

V=O, 

TU Tee= 0, 

H*=O, Overall Growth 
and 

The measures used to gage the overall growth of dis- 
creDancies. are the root mean square (rms) error of wind 

In  practice, the equations are not treated at  the equa- 
torial gridpoints; at  the gridpoints next to the equatorial 
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and temperature averaged vertically and horizontally. 
There are two horizontal domains of averaging, one is the 
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FIGURE 2.-The rms discrepancies of temperature. 

Northern Hemisphere north of 15’N (NH) and the other 
the Southern Hemisphere south of 15’s (SH) . 

The developments of the wind error, 

and the temperature error, 

I 
1 are respectively shown in figures 1 and 2. 

Both figures indicate that the discrepancies grow dis- 
tinctly but gradually with time. Since it is winter in the 
Northern Hemisphere and summer in the Southern Hem- 
isphere during January, the discrepancies are larger in 
NH than in SH. In all cases, the growth rates are high 
until about 12 days; and after about 20 days, the errors 
seem to fluctuate around their asymptotic values. Baum- 
hefner (1971) did not find large differences between the 
wall run and control at 12 days. 
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FIGURE 4.-Latitudinal propagation of temperature difference. 

Note that the development of the discrepancy is much 
faster than in earlier predictability experiments (Smagorin- 
sky 1969) in which the initial temperature errors are 
given randomly with a magnitude of 0.5’C in rms. Thus, 
the similarity of two forecasts with slightly different 
initial conditions is still recognizable at the end of 2 weeks, 
whereas the solutions of the wall run turn out to be sub- 
stantially altered from those of the control run a t  12 days. 

Meridional Propagation 

To see the horizontal propagation of the discrepancies, 
we present in figures 3 and 4 the latitudinal distributions 
of errors given by 

and 
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FIQURE 7.-The rms discrepancies of 500-mb geopotential height. The solid line depicts the rms error of 2-week real forecasts with the 
GFDL 1967 version model. 

The errors start at the Equator and propagate toward 
the higher latitudes. The figures include the error curves 
for 0.1, 2,4, 6,8, and 12 days. The shaded area is given as 
a reference; it is the envelope of the discrepancy curves for 
the period from day 22 to 30. The errors fluctuate within 
the shaded area after they reach the saturation level and 
presumably will not grow much beyond this level. 

From these figures, we see that, by the 8th day, the 
discrepancies have grown to a sizable magnitude in the 
middle and high latitudes; on the 12th day, they reach the 
asymptotic levels. The discrepancies reach a higher 
magnitude in the middle latitudes primarily due to the 
middle-latitude baroclinicity. 

In the analysis of error development, Irvine and 
Houghton (1971) noted that “the error tends to move 
,toward the core of maximum velocity.” This is reasonable 
and is in agreement with our case. 

Propagation in a Meridional Section 
Figures 5 and 6 show another aspect of the evolution of 

discrepancies for wind and temperature. Displayed in a 
height-latitude section, the variables treated are 

and 

From figure 5, it is clear that the wind discrepancy starts 
at the Equator just below the tropopause level. A similar 
feature was also noticed in the numerical experiment of 
the tropical wind data requirement (Gordon et al. 1972), 
although in their case the discrepancy is the analysis error 
that resulted from data assimilation with a prediction 
model. The mechanism, however, is presumably common 
to both cases. 

The layer of maximum discrepancy is just below the 
maximum eddy kinetic eneigy at the Equator (fig. 11). 
Subsequently, the discrepmcies extend poleward at  the 
upper tropospheric layer, and then the middle latitudes 
respond to this discrepancy. (See day 10 in fig. 5.)  

Relating to the wave energy propagation, whether or 
not tropical disturbances can propagate outside the 
Tropics has been controversial. Easahara and Williamson 
(1972) claim that “the tropics are shielded in one direction 
only in the sense that information in the tropics barely 
gets out of the tropics, but information in the mid- 
latitudes can penetrate into the tropics. . . .” The results 
of the present experiment, however, do not conform to 
this picture. 

Figure 6 shows the development of the temperature 
discrepancy. I t  appears first in the equatorial stratosphere ; 
but in the end, the discrepancy at  the middle latitudes 
becomes larger. In  particular, there are large values in 
the lower part of the troposphere. 

Pattern Discrepancy 

Note how quickly the similarity of the two flow patterns 
deteriorates because of the wall effect. This information 
will be useful and important for ascertaining the ultimate 
limit of a hemispheric model. 

We will follow the conventional approach of using geo- 
potential height for the verification of forecasts at the 
middle and high latitudes. The first score is the rms of the 
geopo ten tial height defined by 

The second score is the correlation coefficient (correl coeff) 
for t,he deviation of the geopotential height from the tem- 

608 / Vol. 101, No. 8 / Monthly Weather Review 



IO 

9 

8 

7 

6 

5 

4 

3 

2 

1 

D 

FIQURE 8.-Correlation coefficient of 500-mb height anomalies. The solid line shows the coefficient curve of 2-week real forecasts. 

poral average. For this purpose, we first define the devia- 
tion (or anomaly) ; thus 

In the above formulas, ZaOerx is the time average for the 
period from 21 to 30 days. Introducing 

-Le 
8 Z ~ o ~ ~ r = ~ Z c o n l r - ~ Z c o n l r  

G w a 1  I = 6 . L  11 -szm 11 , 
and 

-AB 

we then obtain 

Figures 7 and 8 include these scores for the geopotential 
height at  the 500-mb level only. The circles and crosses 
are the values for NH and SH, respectively. The general 
features of the time evolution of rms in figure 7 are similar 
to those of wind and temperature in figures 1 and 2. In 
figure 7, the ensemble average rms error of the 500-mb 
height field based upon real forecasts for 12 January cases 
is also shown as a reference. The real forecasts were made 
for 2-week periods with a GFDL hemispheric model (the 
1967 version) and compared with observations (Miyakoda 
et al. 1972). The magnitude of the error for the real 
January cases is much higher than the magnitude of the 
discrepancy marked by NH in the present study because 

the present global model has a systematic bias in the 
intensity of disturbances as a result of poor horizontal 
grid resolution and excessive viscous dissipation. 

deviation of geopotential heights a t  the 500-mb level. 
The circles and crosses are the results in the present 
experiment. This is only one sample; however, if many 
samples were included; these values would probably show 
a narrow range of variation a t  the beginning but would 
have a wide fluctuation after the mean value reached the 
zero line. It is important to note in figure 8 that the 
correlation coefficients start to drop rapidly a t  7 days, 
approach zero, and then fluctuate after 12 days in the NH 
and somewhat later in the SH. This indicates that the 
anomaly components of the two patterns have no resem- 
blance whatever after 12 days. 

In the same figure, the ensemble mean of the corrda- 
tion coefficients based upon the 12 January cases of real 
forecasts is shown for reference. Inspecting this figure, 
one may be led to conclude that (1) the wall determines 
a limit of forecasts (Le., 12 days in winter and a little 
longer in summer) and (2) the score of real forecasts for 
the first 6 days is far below the NH curve in the present 
experiment. This suggests that there is room for improve- 
ment within the framework of the hemispheric model. 
On the other hand, so far as the limit of predictability 
in general is concerned, it is envisaged that the removal 
of the wall may provide a possibility to  increase the time 
range beyond 10 days. 

A question may arise as to why the summer (SH) 
forecast has skill for a longer period than the winter 
(NH) forecast. This may be explained by the fact that, 

Figure 8 shows the correlation coefficients for the , 
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in the summer hemisphere, the distortion of the Hadley 
circulation is less severe than in the winter hemisphere. 
Baumhefner (1971) made an interesting experiment 
in this connection; he studied the effect of the wall by 
placing it a t  various latitudes. Significant damage was 
observed in the Northern Hemisphere in less than a 
week when the wall was inserted a t  l0"N or 20"N. 
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4. DISCREPANCIES IN THE TEMPORAL 
AND ZONAL MEANS 

T o  have an overall impression of the wall effect on the 
general circulation, we calculated the zonal averages 
of variables and the discrepancies. Here we show only 
selected variables that may be of special interest. This 
type of averaging was already partially treated by 
Miyakoda et al. (1971) and Baumhefner (1972), although 
the averaging period is different. The period in this study 
is from 10 to 30 days; whereas Miyakoda et al. (1971) 
adopted a period of 4 to 14 days, and Baumhefner's 
(1972) case is for day 7. There are several common 
features in the results shown below and the previous 
works, but there are disagreements also. 

Temperature 

The meridional section of temperature for the control 
run is exhibited in figure 9A. The meridional section of 
temperature for the wall run is similar to  this; therefore, 
only the discrepancy is displayed in figure 9B. The magni- 

tude of the temperature difference is sizable, and the 
distribution of the discrepancy is systematic. For the 
wall run in the Northern Hemisphere, the stratosphere 
as well as the tropical troposphere is cooler; the tropo- 
sphere in the higher latitudes (except in the surface bound- 
ary layer) is warmer. In the Southern Hemisphere, the 
opposite is true. 

Zonal Wind 

Figure 1O-shows the zonally averaged zonal wind for 
the control and the wall runs. There are two salient 
aspects of this figure. One is that-the stratospheric east- 
erlies a t  the Equator are weaker in.the wall case (fig. 10B) 
than in the control (fig. 1OA) ; the difference, however, is 
not as appreciable as in the case of Miyakoda et al. (1971). 
Second, the latitudinal position of the subtropical jet 
in the Northern Hemisphere is shifted poleward in the 
presence of the wall; the shift is about 10" in latitude. 
The similar tendency was also pointed out by Baumhefner 
(1971), but for the case of the wall at  l0"N or 20°N, not 
for the case a t  the Equator. 

Eddy Kinetic Energy 

The eddy kinetic energy is defined here as 

KE=Z 1 (u' 2 +V '2 ) 

where 21' and v' are the eddy components of wind vectors 
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(i.e., a’=u-?ik and u’=v-Vx). The air density is not 
included in this definition of eddy kinetic energy. The 
meridional section of this variable is shown in figure 11. 
It can be seen that the intensities are apparently consider- 
ably less than reality. The intensities both at  the middle 
latitudes and at  the Equator are markedly larger for the 
Northern Hemisphere in the wall case than the other; 
they are almost the same for the Southern Hemisphere. 
The fact that the eddy kinetic ‘energy at  the Equator is 
greater in the presence of wall is one of the most intriguing 
results in this experiment. The increased eddy kinetic 
energy at  the Equator is because of the effect of liberated 
heat of condensation along the wall. According to Hayashi 
(1973), the waves containing the energy in the wall case 
would be mostly stationary waves and partly westward- 
moving Rossby-type waves (Matsuno 1966 and Rosenthal 
1965) with the maximum w component over the Equator. 
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Vertical Velocity 

Figure 12 is the vertical velocity distribution. It in- 
dicates the structure of the tropospheric and stratospheric 
meridional circulation. In the control run, the well-known 
three-cell circulations in the troposphere are dominant 
both in the Northern and Southern Hemispheres, and the 
Ferrel cells are present in both hemispheres. The peculiar 
downward current near the equatorial tropopause [re- 
ported in Miyakoda et al. (1971)l is recognized only 
slightly this time. The existence of a strong downward 
flow over the Antarctic Plateau clearly deserves more 
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attention. Note also that, in the winter stratosphere, a 
downward current associated with the polar-night jet is 
typically observed at  50’N; in figure 12, however, it is 
closer to 40’N. This is because of the model’s bias. 

Look next a t  the difference between the two runs. The 
tropical upward current in the troposphere is located a t  
about 4’s in the control case; with the wall, the center of 
the upward current is located right a t  the Equator. The 
Hadley cell in the wall case is intersected in the middle; 
thereby, the cell is considerably intensified in the NH but 
is weakened in the SH. It, is noteworthy that the Ferrel 
cells in the middle latitudes are noticeably weaker in 
both hemispheres in the wall run, a1 though the dynamical 
significance is presently not clear. 
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Conversion of Eddy Potential 
To Eddy Kinetic Energy - 

The term w ‘ a ’  represents the rate of conversion from 
eddy available potential to eddy kinetic energy where a 
is the specific volume, w is the pressure velocity, w’=w-w , 
and a’=a-a. 

Figure 13 shows the distribution of the intensity of this 
term; in practice, however, the term (c,/g) ( p s  ;T) ’T‘ is used. 
As generally accepted now (Manabe et al. 1970), there are 
three major source regions of the generation of eddy 
kinetic energy; two of them are at about the 600-mb level 
in middle latitudes of both the Northern and Southern 
Hemispheres, and the third is at the 300-mb level in 

-A 

-?I 
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FIGURE 13.-Rate of conversion (lO3g.s-3) between eddy available potential and eddy kinetic energy, (c,/g) (p*;) 'T' ,  for (A) the control 
case and (B) the wall case. The ordinate is the vertical height (km). 

equatorial regions. Turning to the wall effect, we see in 
figure 13B that the generation for the middle latitudes in 
the Northern Hemisphere is not greater in the wall run. 
On the other hand, the generation near the Equator is 
intensified for the Northern Hemisphere and slightly de- 
creased for the Southern Hemisphere. It is of special in- 
terest that the energy transformation at the Equator is 
increased by the presence of the wall. This fact is consistent 
with the increase of the eddy kinetic energy at  the Equator, 
suggesting that the equatorial kinetic energy is well 
controlled by generation in situ. 

Precipitation and Evaporation 

Figure 14A gives the latitudinal distribution of the 
daily rate of precipitation; figure 14B gives the distribution 
of evaporation. In the controI run, the peak of rainfall is 
located at  about 4' S; in the wall run, it is right at the 
Equator. For the wall run, the rate of precipitation appears 
higher in the Northern Hemisphere and lower in the 
Southern Hemisphere. This indicates that, normally, a 
large amount of water vapor is carried from the Northern 
Hemisphere toward the Southern Hemisphere in January, 
but water vapor is trapped by the barrier a t  the Equator; 
as a result, rain in the wall model appears greater in the 
Northern Hemisphere and smaller in the Southern Hemis- 
phere than in the control run. This feature was previously 
pointed out by Miyakoda et al. (1971), although the case 
was for March and the mean declination of the sun was 
only 4 O  s. 
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FIGURE 14.-Daily rate of (A) precipitation and (B) evaporation. 

Discussion 

Summarizing the results described above, we now try 
to  construct a consistent physical picture of the wall 
effect,. The effect is tentatively divided into two parts- 
direct and indirect. 

The direct effects are the following. First, the Hadley 
circulation cell in the troposphere is intersected by the 
wall; thereby, the position of the upward current is 
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FIGURE 15.-The 500-mb geopotential heights for (A) the control case, (B) the wall case, and (C) the discrepancy [i.e., (B) - (A)]. The 
observation (D), the prediction (E), and the error(F) [i.e., (E) - (D)] are needed for comparison. 
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shifted from the summer hemisphere to a position right 
a t  the Equator. Second, in the presence of the wall, the 
stratopheric easterlies in the Tropics are weakened be- 
cause of the lack of the cross-equatorial current (fig. 10). 
This is readily understandable in terms of angular momen- 
tum transfer. 

The indirect effects were first brought about by the 
shift of the upward current position of the Hadley cell 
as well as the prohibition of the cross-equatorial trans- 
port of moisture and heat. The rate of rainfall in the 
Tropics is increased for the Northern Hemisphere and 
decreased for the Southern Hemisphere (fig. 14). Con- 
sistent with the change in the liberation of condensation 
heat, the upward current at the wall becomes appreciably 
stronger for the Northern Hemisphere and weaker for 
the Southern Hemisphere (fig. 12). Then, the downward 
current region of the Hadley circulation is shifted north- 
ward in both hemispheres. 

These effects in turn bring about the further changes. 
Accompanied by the latitudinal shift of the Hadley cell 
and also by the change in the meridional transfer of 
momentum, the position of the subtropical jet a t  the 
200-mb level is displaced poleward in the Northern 
Hemisphere (fig. 10). [Baumhefner (1971) found that 
the poleward shift of the jet axis is very drastic (about 
15' latitude) if the wall is inserted at 20'N.I As a con- 
sequence of the change in the upward current in the 
Tropics, the stratosphere and the tropical troposphere 
in the Northern Hemisphere appear to be colder because 
of the adiabatic cooling while the opposite is true in the 
Southern Hemisphere (fig. 9). On the other hand, in the 
middle- and high-latitude troposphere, the temperature 
is higher in the Northern Hemisphere in the wall model; 
again, the opposite is true in the Southern Hemisphere. 
The processes taking place are not simple. They are the 
mixture of two effects-namely, the adiabatic warming 
because of the intense downward current of the Hadley 
cell (in the middle latitude) and the intense meridional 
transfer of heat by eddies (in the lower layers in the 
high latitudes). 

5. IMPACT ON THE TROUGHS AND RIDGES 
IN MIDDLE LATITUDES 

The discussion now proceeds to a somewhat detailed 
aspect-that is, the effect on the structure of the extra- 
tropical disturbances. We are, however, still not concerned 
with the very small-scale disturbances but only with the 
stationary or slowly moving troughs and ridges in the 
middle latitudes. 

Figure 15 exhibits the time mean of geopotential heights 
on a stereographic projection at the 500-mb level for the 
Northern Hemisphere. This represents the planetary scale 
flow fields in the middle and high latitudes. Figures 15A 
through 15C represent the present experiments; figures 
15D through 15F are taken from the collective results of 
the real forecasts with the GFDL hemispheric model 
that treated 12 January cases (Miyakoda et al. 1972). 

, 

1 

~ 

1 

Figures 15D through 15F represent reality and are shown 
for comparison. Figures 15A and 15B are the time- 
averaged fields for the period from 10 to 30 days for the 
control and the wall runs, respectively. Figure 15C is the 
difference of the two fields (Le., wall minus control). 
Figures 15D and 15E are the means of 12 winter samples 
for the period 4 to 14 days for the observed and the 
forecasts. Figure 15F is the difference (i.e., the prediction 
minus the observation). 

Look first a t  figures 15A and 15B. Since this is one 
sample, it is likely that the solution does not coincide 
well with the model's climatology. Yet, one may see 
roughly the dominating mode (i.e., the zonal wave number 
3), the major troughs at  140'E and 70°W, and a minor 
trough at  40'E in both the control and wall maps. These 
features roughly correspond to reality, with a slight shift 
of the zonal position (See figs. 15D and 15E.) 

We now are concerned with whether or not the equa- 
torial wall effect may give an explanation to the system- 
atic bias of the height fields in real forecasts with the 
hemispheric model. To see this, we compare figures 15C 
and 15F. The characteristic features in the discrepancy 
map are the three pairs of positive and negative regions 
along the 50'-60' latitude band. This shows that the 
troughs in the wall run are systematically shifted eastward 
compared with those in the control run. The agreement, 
however, of the discrepancy maps (figs. 15C and 15F) is 
hardly discernible, indicating that the error in the real 
forecasts (fig. 15F) cannot be explained by the wall effect 
alone. 

6. CONCLUSIONS 
The wall erected at  the Equator in a global model 

produces the following effects. 
1. The wind and temperature a t  the middle latitudes 

are modified appreciably at  8 days and seriously a t  12 
days. 

2. The wind difference first appears just below the 
equatorial tropopause level and then extends to the middle 
latitudes. The temperature difference also starts a t  the 
Equator; then, the middle latitudes respond to the 
equatorial disturbances. Eventually, the temperature 
difference is largest in the lower troposphere in middle 
latitudes. 

3. In the zonal mean distribution, the effects are the 
following. The temperature receives a systematic influence 
such that the stratosphere and tropical troposphere for 
the winter hemisphere become cooler and the troposphere 
at  high latitudes becomes warmer; the tendency is the 
opposite for the summer hemisphere. The subtropical jet 
for the winter hemisphere is displaced poleward by about 
10' latitude. The equatorial stratospheric easterlies appear 
considerably weaker. Rain in the Tropics is intensified for 
the winter hemisphere and is weakened for the summer 
hemisphere. The Hadley cell is intersected by the wall; 
thereby, the winter hemispheric part is considerably 
intensified, and the summer hemispheric part is weakened. 
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The eddy kinetic energy is substantially increased for the 
winter hemisphere but not for the summer hemisphere. 

4. The presence of the wall causes a systematic and 
appreciable eastward shift of the position of the troughs 
and ridges for the large-scale flows at the middle latitudes. 

5.  In  view of the wall effects described above (particu- 
larly because of conclusion I), it  is not surprising that a 
practical forecast with a hemispheric model has no skill 
beyond 10 days for winter and slightly later for summer. 

Some criticisms, however, of the present experiment do 
exist; for example, only one sample is included, and the 
model has relatively poor horizontal and vertical grid 
resolution. The second defect may be related to a third 
defect, a bias in the distribution of the zonal wind at the 
equatorial region; for example, the westerlies extend to 
the Equator (fig. 10). Since the vertical shear is an 
important factor in the instability and the structure of 
tropical waves (Yamasaki 1969, Holton 1971, and Mura- 
kami 1972), the model might have a serious bias in the 
generation and propagation characteristics of the dis- 
turbances in the equatorial region. 
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